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FOREWORD!

This work was prepared by Air Products and Chemicals, Inc. and describes the
work performed under Contract No. F33615-87-C-2740 during the period August
1987 through October 1988. The work was administered under the direction of

. the Aeronautical Systems Division, Aero Propulsion and Power Laboratory,
Wright Research and Development Center (WRDC), Wright-Patterson Air Force Base
(WPAFB), Ohio. Jeffrey Moler, 1Lt (WRDC/POSF) was the Air Force Project

Engineer.
Mr. David- Nahmias served as Air Products' Program Manager.

Two interim oral progress reports were presented to the Air Force on the
Task 1 and Task 2 efforts on January 21, 1988 and July 21, 1988,
respectively. In this written final report of the contract, the results from

Task 3 as well as those from Tasks 1 and 2 are reported.
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A. T. Stewart, J. Chem. Phys. 22, 754 (1954) C.A. 48, 9135 g. cf. C.A. 41,
9894 d. .
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Barrick, P. L., Weitzel, D. W., Connolly, T. W., Proc. Cryog. Eng. Conf., 1.
285 (1954).

A thermal separation of ortho- and para-hydrogen at low temperatures. E. W.
Becker, H. Henkes, and U. Seifert. Z. physik. Chem. (Frankfurt) [N. F.] 5,
90-9 (1955), C.A. 49, 14403 f.

The transport properties and the equation of state of gaseous para and
ortho-hydrogen and their mixtures below 40°K. E. G. D. Cohen, M. J.
Offerhaus, J. M. J. van Leeuwen, B. W. Roos, and J. de Boer. Physica 21,
737-9 (1955) (in English), C.A. 50, 9808 a.

Corrigan, T. E., Chem. Eng., 65, 200 (1955).

Hydrogen-activating enzymes of bacteria. A. Couper, D. D. Eley, and A.
Hayward. Discussions Faraday Soc.-No. 20, 174-84 (1955) (Pub. 1956) C.A. 50,
14866 h. -

The catalysis of the para-hydrogen conversion by zinc oxide. L. G. Harrison
and C. A. McDowell. Proc. Roy. Soc. (London) A228, 66-82 (1955).C.A. 49,
7947 b. .

Parahydrogen conversion in solution. 1. parahvdrogen conversion by
metallorqanic compounds. G. M. Schwab and J. Voitlander. Z. physik. Chem.
[N.F.] (Frankfurt) 3, 341-54 (1955), C.A. 49, 7435 e.

Nuclear spin-lattice relaxatich.in solid hydrogen. Tadashi Sugaware, Phys.
Rev. 100, 759 (1955). C. A. 50, 3078 d. cf. C.A. 49, 12955 h.

Trapnell, B. M. W., "chemisorption®, p. 10, Butterworths, London, 1955.

Catalysis: Hydrogenation and Dehydrogenation. Paul H. Emmett, Reinhold
Publishing Corp., New York, N. Y. Vol. 3, 504 pp. (1955). Parahydrogen and
orthodeuterium conversions and the hydrogen-deuterium exchange. B. M. W.
Trapnell, Pages 1=48-101 references C.A. 49, 12753 a.

The magnetocatalytic effect of the ortho-para hydrogen conversion of nickel
catalysts. Gerhard Vieth, Z. Naturforsch, 10a, 330-9 (1955) C.A. 51, 4116 i.
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Theory of the transport properties of para-ortho mixtures in the gas phase.
E. G. D. Cohen and M. J. Offerhaus. Proc. Intern. Symposium Transport Process.
Statist. Mech. Brussels 1956, 169-72 (Pub. 1958) C.A. 53, 13711 d.
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Offerhaus, J. M. J. van Leeuwen, B. W. Roos, and J. de Boer. Physica 22,
791-815 (1956) C.A. 52, 10672 f. cf. C.A. 50, 9808 a.

Heat conduction in solid hydrogen. R. W. Hill and 8. Schneidmesser. Bull.
inst. intern. froid, Annexe 1956-2, 115-17. C.A. 52, 861 i.
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654-6 (1956). C.A. 51, 31 i. cf. C.A. 50, 9121 d.

Catalytic investigation of alloys. XVI. The parahydrogen conversion on
copper-palladium alloys. 6. Rienacker and G. Vormum. Z. anorg. u. a]]gem
Chem. 283, 287-98 (1956). C.A. 50, 11789'g cf. C.A. 48, 6049 1.

Behavior of dicyclopentadienyl and diindenyl metal complexes toward the
para-hydrogen conversion. Reply to the paper: “Parahydrogen ccnversion in
solution® by G. M. Schwab and J. Voitlander. Ernst Ruch. Z. Physik. Chem.
(Frankfurt) N.F. 6, 356-70 (1956). C.A. 50, 7551 g. c¢f. S. and V., C.A. 49,
7435 e. Reply to the remark by E. Ruch. Jurgen Voitlander (Univ. Munich,
Ger.). Ibid. 371-5.
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Selwood, P. W., J. Am. Chem. Soc. 78, 3893 (1956).
W. R. Smith and M. H. Polley, J. Phys. Chem., 60, 689 (1956).
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Weitzel, D. H., Proc. -Cryog. Eng. Conf., 2, 12 (1956).

Iron catalyst for production of l1iquid parahydrogen. 0. H. Weitzel and 0. E.
Park., Rev. Sci. Instr. 27, 57-8 (1956). C.A. 51, 7821 ¢. cf. Giauque, C.A.
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pressure at low temperatures. Douglas S. Chapin and Herrick L. Johnston, J.
Am. Chem. Soc. 79, 2406-12 (1957). C.A. 51, 12623 f.

Efficient utilization of ortho-para (hydrogen.conversion) catalyst. C. R.
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Boulder 1957, 64-72. C. A. 52, 14302 f.

Parahydrogen conversion on copper, silver, and qold. 0. D. Eley and D. R.

Rossington. Chemisorption, Proc. Symposium, Keele 1956 137-51 (Pub. 1957).
C.A. 52, 8706 d. )

Nonideality of liquid ortho-parahydrogen solutions. Harold L. Friedman. J.
Chem. Phys. 21, 220-3 (1957) C.A. 51, 17300 1.

Heat capacity of solid deuterium between 0.3 and 13°K. 0. D. Gonzalez, David
White, and H. L. Johnston. J. Phys. Chem. 61, 773-80 (1957) C.A. 51, 14402 c.

P. Handler, Semiconductor Surface Physics, Univ. of Pennsylvania Press,
Philadelphia, 1957, p. 23.

Theory of the para-ortho transformation in solid deuterium. Kazuko Mochizuki,
J. Phys. Soc. Japan 12, 163-60 (1957). C.A. 54, 8181 d.

R. E. Schlier and H. E. Farnsworth, Semiconductor Surface Physics, Univ. of
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Reactions of parahydrogen and of deuterium with glass surfaces. 6. S. Annis,’
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The parahydrogen conversion on metals. A. Couper, D. D. Elev, M. J. Hulatt,
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Statistical mechanics of solid and 1iquid mixtures of ortho- and parahydrogen.
A. Bellmans and Agnessa Babloyantz. Mol. Phys. 2, 160-80 (1959). C.A. 53,
19502 h.

Surface catalysis of the ortho to para conversion in_hydrogen under pressure
at liquid-nitrogen temperature. Douglas S. Chapin (Ohio State Univ.,
Columbus). ~Univ. Microfilms (Ann Arbor, Mich.), L. C. Card No. Mic 59-2712,
102 pp.; Dissertation Abstr. 20, 488-90 (1959). C.A. 53, 21100 1.

Surface catalysis of the ortho-para conversion in 1iquid hydrogen by
paramagnetic oxides on alumina. Clarence M. Cunningham (Ohio State Univ.,
Columbus). Univ. Microfilms (Ann Arbor, Mich.), L. C. Card No. Mic 59-2758,
89 pp.; Dissertation Abstr. 20, 1185-8 (1959), C.A. 54, 412 h.
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2,2-diphenyl-1-picrylhydrazyl. D. 0. Eley and H. Inokuchi (Univ. Nottingham,
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Z. D. Jastrzebski, Engineering Materials, J. Wiley and Sons, New York (1959),
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Boulder 1956, 19-26 (Pub. 1957) C.A. 52, 17923 h.
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Surface properties of germanium. Y. L. Sandler and M. Gazith (Westinghouse
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Munich, Ger.) Z. physik. Chem (Frankfurt) 22, 220-31 (1959); cf. C.A. 49,
10716 d. Chem. Abst. Vol. 54, 10480 a.

Scott, R. B.. Crvogenic Enaineerina. D. Van Nostrand Co., Inc,, Princeton
(1959), p. 289.
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Providence, R.I.} J. Am. Chenm. SOu 81, 4132-7 £1959) £.A. 55, 14024 a.
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interconversion. Phoebe 8. Shaticross (Brown Univ., Providence; R.I.). Uniy.
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L. S. Singer, W. J. Spry, and W. H. Smith, Proceedings of the Third Carbon
Conference, Pergamon Press, Oxford, 1959, p. 121.
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boiling points to their critical temperatures. Oavid white, Jih-Heng Hu, and
Herrick L. Johnston (Ohio State Univ., CoTumbus). J. Phys. Chem. 83, 1181—3
(1959). C.A. 54, 60h.

G. A. Wolff and J. D. Broader, Acta Crystallogr., 12, 313 {1359).
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Statistical mechanics of solid and liquid mixtures of ortho- and gkra-hydrogen.
II Agnessa Babloyantz and A. Bellemans (Univ. Brussels, Belg.). Mol. Phys.
, 313-18 (1960); cf. C.A. 53, 19502h. C.A. 55, 11063i.

Second virial coefficients of ortho- and para-H2 at liquid-H temperatures.
J. J. M. Beenakker, F. H. Varekamp, and H. F. P. Knaap (Kamerlingh Onnes Lab.,
Leiden, Neth.). 26, 43-51 (1960) (In English). C.A. 54, 20385c.
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evaluated by the low-temperature ortho-parahydrogen conversion. Douglas S.
Chapin, C. Dick Park, and Myron L. Corrin (Univ. of Ar1zona Tucson). J. Phys.
Chem., 64, 1073-4 (1960) C. A. 55, 3159 h.

Transformation of ortho- to parahydrogen over solid catalysts. II. Reaction
in_the liquid phase. R. A. Buyanov (Combined Inst. Nuclear Studies, Dubna).
Kinetika i Kataliz 1, 418-20 (1960); cf. C.A. 55, 2245 c. C.A. 56, 49 a.

The ortho— and para-conversion of H on solid catalysts. III. Catalysis by
rare earth hydroxides. R. A. Buyanov (Inst. Nuciear Research, Dubna).
Kinetika i Kataliz 1, 617-19, (1960); cf. ibid. 418; C.A. 55, 2245 c.

Conversion of orthohydrogen to parahydrogen on solid catalysts at 78-64°K 1.
R. &. Buyanov. Kinetika i Kataliz 1, 306-12 (1960) C.A. 55, 2245 c.
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Date 28/11/60.
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N0

R. N. Keeler and K. D. Timmerhaus, Advances in Cryogenic Engineering, Vol. 4,
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G. Wagoner, Proceedings of the Fohrth Carbon Conference, Pergamon Press,
Oxford, 1960, p. 197. ’
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rocket performance of gaseous hydrogen. Charles R. King. NASA. (Natil.
_ Aeronat. Space Admin.) Tech. Note D-275, 71 pp. (1960). C.A. 54, 13789f.

Metastable hydrogen molecules. William Lichten (Univ. of Chicago). Phys.
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120 (1961).
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Provisional thermcdynamic functions for parahydrogen. Hans M. Roder and
Robert D. Goodwill (Natl. Bur. of Stds., Boulder, Colo.), U.S. Dept. Com.,
Office Tech. Serv., P. B. Rept. 161,631, 142 pp. (1961). C.A. 58, 8460b.

Hydrogen Transport property correlations. J. D. Rogers, R. K. Zeigler, and P.
C. McWilliams (Los Alamos Sci. Lab., Los Alamos, N. Mex.). U.S. At. Energy
Comm. TID-12, 633. 17 pp. (1961). C.A. 59, 9343d.

Thermodynamic properties of 20.4°K -equilibrium hydrogen. A. Shaffer, and J.
Rousseau (A1 Res. Manufg. Co., Los Angeles, Calif.). U.S. Cept. Com., Office
Tech. Serv. AD 267, 262, 110 pp. (1961). C.A. 58, 72f.

The hindered energy exchange between solids and adsorbed gas molecules in the
case of ortho-H and para-H. K. Schaefer and S. Stotz (Univ. Heidelberg, Ger.)
Z. Electrochem. 65, 623-8 (1961); cf. C.A. 48, 5594f. C.A. 56, 8036b,

Gas chromatography of heavy hvdrogen and ortho- and para-hydrogen. Takao Kan
(Univ. Tokyo). Kagaku no Ryoiki Zokan No. 44, 97-113 (1961). C.A. 56, 2i.

Some electron and proton resonance studies in heterogeneous catalysis. John
Turkevich, John Mackey, and W. H. Thomas. Actes congr. intern catalyses,
28, Paris, 1960 2, 1815-28, discussion 1829 (Pub. 1961). C.A. 55, 23012e.

Application of the reaction of para-ortho conversion in investigations of
elementary stages of heterogeneous catatysis. V. E. Vasserberg, I. R.
Davydova, and T. V. Georyievskaya. Kinetika i kataliz 2, 773-9 (1961). C.A.
56, 9460 1.

Formation of intermediate radical-like surface forms in heteroqeneous
catalysis. Vasserberg, V.E.; Balandin, A. A., Davydova, I.R.; Doklady Akad.
Nauk. SSSR.; (61) 136; p. 377-80.
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CHEMABS patent 62007415g, Liquid parahydrogen, A. G. Zel'dovich, Yu. K.
Pilipenko. USSR 166,373, Date 10/08/62.

64N27459#, Investiqation of the para-ortho shift of hydrogen final report,
Nov. 1962-Nov. 1963 (catalyst development for low temperature para-ortho
conversion reaction of hydrocen). Biskis, E. G.; Kucirka, J. F.; Schmauch,
G.E.

64N16608#, Investigation of para-ortho shitt of hydrogen, final report,
Mar.-Sept. 1962, (para-ortho shift of hvdrogen endothermic heat conversion).
Clark,.R. G.; Jambhekar, A.; Kucirka, J. F.; Schmauch, G. E. ’

CHEMABS patent 63012377c, Catalysts and catalytic processes for hydrogen
conversion. Weitzel, D. H.; Loebenstein, W. V.; Koeler, R. N.; Timmerhous, K.

D.; UK 999,107, Date 24/04/62.

Clark, R. G., Kucirka, J. F., Jambhekar, A., schmauch, G. E., "Investigation
of the Para-Ortho Shift of Hydrogen*, Air Products and Chemicals, Inc.,
Summary Technical Report ASD TR 62-833, Part I, July 1562.

Journal of Catalysis 1, 62-73 (1962).

M. Green and R. Seiwatz, J. Chem. Phys., 37, 459 (1962).

prajin, L. E., Proc. Phys. Soc., London 80, 1380 (1962).
Wakao, N., Smith, J. M., and Selwood, P. W., J. Catal. 1, 62 (1962).

Gas-chromatographic separation of ortho- and parahydrogen on molecular sieves.

L. Bechmann, E. Bechtold, and €. Cremer (Univ. Innsbruck, Austria). J.
Catalysis 1, 113-20 (1962). C.A. 51, 92679.

Optimum effectiveness factors for porous catalysts. Cunningham, R. E.; Smith,
J. H.; Univ. California, Davis, USA, A.I.Ch.E.J.; (63) 9; p. 419-21; in Eng.

Significant-structure theory of liquid_hydrogen in its various ortho-para and
jsotopic forms. Douglas J. Henderson, Henry Eyring, and Dale Felix (Unjv. of
Utah, Salt Lake City). J. Phys. Chem. 66, 1128-32 (1962). C.A. 571, 7929g.

Ortho-parahydrogen conversion by metal surfaces at 21°K. J. T. Kummer (Ford
Motor Co., Dearborn, Mich.). J. Phys. Chem. 66, 1715-19 (1962). C.A. 517,
14537f. .

Metstable hydrogen molecules. 1II. ine structure of para-hydrogen. William
Lichten (Univ. of Chicago). Phys. Rev. 126, 1020-7 (1962); cf. .C.A. 55, 3186g.
C.A. 57, 6769h.

The effect. of adsorbed oxygen on the catalytic activity of Pt and Pt-Au alloys

in the parahvdrogen conversion reaction. Hietrich Menzel and Lothar Riekert

(Tech. Hochschule, Darmstadt, Ger.) Z. Elektrochem. 66, 432-9 (1962). C.A. 51,
10563 b.
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Hydrogen transport property correlations. II. J. D. Rogers, R. K. Zeigler,
and Paul McWilliams (Los Alamos Sci. Lab., Los Alamos, N. Mex.). U.S. At.
Energy Comm. LA-2719, 40 pp. (1962); cf. J. Chem. Eng. Data 7, 179(1962). C.A.
58, 10750g. )

Schmidt number for normal hydrogen and parahydrogen. S. C. Saxena and T. K.
S. Narayanan (Rajasthan Univ., Jaipur, India). Can. J. Phys. 40, 527-30
(1962); cf. C.A. 55, 16052b. C.A. 57, 792%g. )

Comparison of the jsotope exchange between hydrogen and water, the
parahydrogen conversion, and the combusion of oxvhydrogen gas in water
suspensions of noble metal-charcoal catalysts. U. Schindewolf, M. Kenawy, and
E. G. Mahadevan (Kernforschungs-zentrum, Karlsruhe, Ger.). Z. Elektrochem. 66,
406-12 (1962) C.A. 571, 10562 i.

Low-temperature, ortho-parahydrogen conversion; kinetic studies. Norijaki
Wakao, P.0. Selwood and J. M. Smith (Northwestern Univ. Evanston, I11.).
A.1.Ch.E. (Am. Inst. Chem. Engrs.) 3.8, 478-81 (1962). C.A. 57, 15863 a.

Low-temperature ortho-parahydrogen conversion kinetic studies. Wakao, N.;
Selwood, P. W.; Smith, J. H.; Northwestern Univ., Evanston, I11., USA,
A.1.Ch.E.J.; (62) 8; p 478-81; in Eng.

The low-temperature orthohydrogen conversion over supported oxides and metals.
Noriaki Wakao, J. M. Smith, and P. W. Selwood (Morthwestern Unfv., Evanston,

111.). J. Catalysis 1, 62-73 (1962). C.A. 57, 1603 b.
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Catalytic properties of semiconductors. Banks, £.; Collins, F. C.; Loebl, E.
M.; Sarfati, J.; Polytech. Inst. Brooklyn, USA; AD610780 Avail. CFSTI (1963);
in Eng.

Gini D., Pinch, P. T., Von Wald, J. L., and Barrick, P. L. Advan Cryog Eng 8,
183 (1963).

C*ark, R. G., J. F. Kucirka, A. Jambhekar, and G. E. Schmauch, "Investigation
¢ hYe Para-Ortho Shift of Hydrogen," Tech. Doc. Rpt. :No.; ASD-TDR-62-833,

p 1 & 1L, for A. F. Aero-Propulsion Lab, R. & Tech. Div., Air Force

Sy » Command, Wright-Patterson Air Force Base, Ohio, Oct. 1963.

Scnmauch, 6. E., J. F. Kucirka, and R. G. Clark, "Activity Data on Improved

Para-Ortho Conversion Catalysts," Chem. Eng. Prog., Vol. 59, No. 8, 55-60,
Aug. 1963. .

Eley, D. D., and Shooter, D., J. Catalysis, 2, 259-73 (1963).

N. R. Laine, F. J. Vastola, and P. L. Walker, Jr., J. Phys. Chem., 67, 2030
(1963).

Schmauch, G. €., Kucirka, J. F., Clark, R. G., "Activity Data on Improved
Para-Ortho Conversion Catalysts," AIChE Symposium on Technical Aspects of
Liquid Hydrogen Production, Buffalo, May 1963.

D. Gini, F. T. Finch, J. L. Von Wald, and P. L. Barrick, in Advance in
Cryogenic Engineering, Vol. 8, Plenum Press, New York (1963), p. 183.

Szego, G., Cohn, E., Astronaut. Aerosp. Eng., 1, No. 4, 105 (1963).
M. J. Rossiter, R. N. Smith, and J. R. Ludden, J. Phys. Chem., 67, 2541 (1963).

N. R. Laine, F. J. Vastola, and P. L. Walker, Jr., Proceedings of the Fifth
Carbon Conference, Vol. 2, Pergamon Press, Oxford, 1963, p. 211.

Ashmead, D. R., Eley, D. D., and Rudham, R., Trans. Faraday Soc. 59, 207
(1963).

"Activity Data on Improved Para-Ortho Conversion Catalysts"™, Schmauch,
‘Kucirka, Clark (APCI), Chemical Engineering Progress, August 1963.

AF 33(657)-10796 Marquardt Oct 62-Nov 63 Conference on Heat Exchanger
Fouling and Contaminant Removal.

"Continuous Conversion Hydrogen Liquefaction" Lipman, Cheung, Roberts,
(Linde-UCC), Chemical Engineering Progress, August 1963.

Clark, R. G., 3. F. Kucirka, A. Jambhekar, and G. E. Schmauch, "Investigation
of the Para-Ortho Shift of Hydrogen," Tech. Doc. Rpt. No.; ASD-TDR-62-833,
parts I & II, for A. F. Aero-Propulsion Lab, R. & Tech. Div., Air Force
Systems Command, Wright-Patterson Air Force Base, Ohio, Oct. 1963.
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McKinley, C., Schmauch, G., "Effect of Adsorbed Nitrogen on Catalytic Activity
of Ortho-Para Hydrogen Conversion Catalysts," Cryogenic Eng. Conf., Boulder,
Colorado, August 1963.

"Investigation of the Para-Ortho Shift of Hydrogen," Technical Documentary
Report No. ASD-TDR-62-833, by Air Products (R. G. Clark, Kucirka, Jambhekar,
Schmauch) for Wright Patterson AFB, Part I July 1962, Part 2 October 1963.

"Investigation of the Para-Ortho Shift of Hydrogen,* Clark, R. G.; Kuaraka, J.
F.; Jambhekar, A.; Schmauch, G. E.; Wright-Patterson Air Force Base, Ohio USA,
NASA Doc. N64-16608; (1963); 52 ps; in Eng.

"Catalytic investigations of alloys, XXIV.- Para hydrogen ccnversion on silver-
palladium alloys". Rienacker, G.; Engels, S.; Monatsber. Deut. Akad., Wiss
Berlin; (63) 5, (11-12); p. 706-11.

"Ortho-para transition in molecular hydrogen*. Raich, J. C.; Good, R. H.,
Ames. Iowa Lab., Iowa, USA, Proc. Midwest “onf. Theoret. Phys.; Notredame
Ind.; (63); p. 295-7; 1in Eng.

Ortho- and paratritium. E. W. Albers, P. Harteck, énd R. R. Reeves, Jr.
(Rensselaer Polytechnic Inst., Troy, N.Y.). Z. Naturforsch 18a, 197-202 (1963)
(in English). C. A. 58, 13149a.

Parahydrogen conversion on neodynium oxide. Ashmead, D. R.; Eley, D. D-.;
Rudham, R.; Univ. Nottingham, England. Trans. Faraday Soc.; (63) 59; p.
207-15; 1in Eng.

Chem. Eng. News 41 (20), 68-71 (1963).

CHEMABS journal 59013383e; "Parahydrogen conversion of the first transition
series”, Eley, D. D.; Shooter, D.; Univ. Nottingham, England. J. Catal.; (63)
2 (4); p 259-74; in Eng. :

CHEMABS journal 58010716d; “"Determination of para and ortho-hydrogen, hydrogen
deuteride, and deuterium by gas chromatography". Fujita, K.; Kivan, T.; Univ.
Tokoyo, Japan. Bunseki Kagaku; (63) 12; p 15-20.

Activity, surface area, and weight loss correlations for hydrous ferric oxide
catalyst. D. Gini, F. T. Finch, J. L. Von Wald, and P. L. Barrick (Univ. of
Colorado, Boulder). Advan. Cryogq. Eng. 8, 183-9 (1963). C.A. 59, 9312 a.

Pressure-density-temperature relations of freezing 1iquid para-hydrogen to 350
atmospheres. R. D. Goodwin and H. M. Roder (Natl. Bur. of Stds., Boulder,
Colo.). Cryogenics 3(1), 12-15 (1963). C.A. 59, 9351f.

The theory of parahvdroaen transformation. bv. hiradicalaids. H. Hartmann, &,
Gliemann, and H. Gebler (Univ. Frankfurt/Main, Ger.). Chim. Acta 1, 144-54,
(1963) (In German) C.A. 59, 1128b.
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1963 Cont'd:

Microcatalytic studies of the hydrogenation of ethylene. I. The promoting
effect of adsorbed hydrogen on the catalytic activity of metal surfaces.
Hall, N. K.; Hassell, J. A.; J. Phys. Chem.; (63) 67; p 636-43; in Eng.

Chromatographic separation_of the isotopic and nuclear-spin species of the
hydrogens at low temperatures. Walter J. Hanbach and David White (Ohio State
Univ., Columbus). J. Chim. Phys. 60, 97-9 (1963) (in English). C.A. 58,
11980h.

Determination of para- and orthohydrogen, hydrogen deuteride, and deuterium by
gas chromatography. Katsuyoshi Fujita and Takao Kwan (Univ. Tokyo). Bunseki
Kagaku 12, 15-20 (1963). C.A. 58, 10716d.

Endothermic conversion of parahydrogen to adsorbed equilibrium hydrogen below
20°K. George E. MacWood and Karl W. Boeddeker (Ohio State Univ., Columbus).
J. Chem. Phys. 38 (11), 2779-80 (1963) C.A. 59, 9346 d.

Irradiation-induced effects in magnesium oxide catalysts. Moigne, J.;
Ballentine, D. Brookhaven Natl. Lab., Upton, N.Y., USA, Intern. J. Appl.
Radiation Isotopes (63) 14 (4); p221-9; in Eng.

Diffusion kinetics in heterogeneous catalysis. III. Disturbance of kinetic
measurements by longitudinal diffusion. Kinetics of the para-hydrogen
conversion. H. Noller, P. Andreu, and G. M. Schwab (Univ. Munich, Ger.) Z.
Physik. Chem. (Frankfurt) 36, 179-98 (1963); cf. C.A. 59, 4583d, 1130a.

Diffusion resistances in alumina and silica catalysts. Rao, M. R.; Smith, J.
H.; Univ. California, Davis, USA; A.I.Ch.E.J.; (63) 9 (4); p 485-90; in Eng.

The orthobaric densities of parahydrogen, derived heats of vaporization, and
critical coustants. H. M. Roder, D. E. Diller, L. A. Weber, and R. D.
Goodwill (Natl. Bur. Stds., Boulder, Colorado) Cryogenics 3 (1), 16-22 (1963)
C.A. 59, 9356a.

Activity data on improved para-ortho (H2) cooversign catalvsts, 6. E.
Schmauch, J. F. Kucirka, and R. G. Clark, Chem. Enq. Progr. 59(8), 55-60
(1963). C.A. 59, 9370 e.

Parahydrogen conversion in solution. II. G. M. Schwab, J. Voitlaender, and
V. Penka (Univ. Munich, Ger.) Z. physik. Chem. (Frankfurt), 36, 378-82 (1963);
cf. C.A. 49, 7435 e; 51, 11022 b. C.A. 59, 9347 a.

Viscosity of hydrogen in the gaseous and liquid states for temperatures up to
5000°K. Leonard I. Stiel and George Thodos (Northwestern Univ., Evanston,
I11.). Ind. Eng. Chem., Fundamentals 2 (3), 233-7 (1963). C.A. 59, 4564d.

Szego,. G., Cohn, E.., Astronaut. Aerosp. Eng. 1. No. 4. 107 (1963).
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Adsorption equilibriums and reaction sequences. in heterogeneous catalytic
reactions. Riekert, K.; Menzel, D.; Staib, M. Tech. Hochsch. Darmstadt,

Ger. Proc. Intern. Cong. Catalysis 3rd, Amsterdam; (64) 1; p 387-93; p 394-5;
in Eng.

Keith, Carl D.; Haley, Alfred J. Jr. Englehard Minerals and Chemicals Corp.,
USA, Pat. No. 3383176, Date 12/05/64. .

The catalytic activity of the rare earth oxides for para hydrogen conversion
and hydrogen-deuterium equilibration. Ashmead, 0. R.; Eley, D. D.; Rudham, R.
Univ. Nottingham, England. J. Catal.; (64) 3 {(3); p 280-8; in Eng.

“The Application of the Para-Ortho Conversion Reaction of Hydrogen to Orbital
Systems,* Technical Documentary Report No. APL-TDK-64-43, by Air Products (A.
Singleton, Kinard, Waring, Lapin) for Wright Patterson AFB, June 1964,

*Technical Aspects of Ortho-Para Hydrogen Conversion", Schmauch, Singleten
(APCI), Industrial and Engineering Chemistry, May 1964.

Schmauch, G. £., and A. H. Singleton, "Technical Aspects of Ortho-Pzrahydrogen
Conversion", Ind. and Eng. Chem., Vol. 56, No. 5, Z0-31, May 1964,

Carlson, J. A., A. H. Singleton, and P. 0. Stelts, "APACHI Air Enrichment
System Study, Phase-1 Final Report," for Air Force Missile Devel. Center,-
Holloman Air Force Base, New Mexico, Nov. 10, 1964.

Stewart, R. and Roder, B.; "Technology and use of liquid hydrogen.* Pergamon
Press, p 379 (1964).

“Kinetics and diffusion study of the para-ortho shift of hydrogen". Barrick,
P. L.; Brown, L. F.; Hutchinson, H. L. Univ. Colcrado, Boulder, USA. (64)
AD606495; Avail. OTS; 273 ps; in Eng. From: US Gov't. Res. Rept.; 39 (22),
17, (1964).

“Catalytic conversion of para hydrogen into ortho hydrogen on semiconductors."”
Briones, A. G., Rev. Real. Acad. Cienc. Exact. Fis. Nat. Madrid; (64) 58 (4);
p 431-526; in Span.

"Effect of adsorbed nitrogen on catalytic activity of ortho-parahydrogen
conversion catalysts. (Ortho-parahydrogen conversion catalytic activity
reduction dependent on surface covered by adsorbed nitrogen)." McKinley, C.;
Schmauch, G. Advances in Cryogenic Engineering, Volume 9. 1964, p 217-226.

Singleton, A. H., G. E. Kinard, R. W. Waring, A. Lapin, "The Applications of
the Para-Ortho Conversion Reaction of Hydrogen to Orbital Systems," Tech.
Doc. Rpt. No. APL-TDR=-64-43, for Wright-Patterson Air Force Base, Air Force
Propulsion Lab, June 1964.

"The Isotope Exchange between Hydrogen and Water," Mahadevan, E. G., Indian
Inst. Technol., Madras, India. 1Indian J. Chem.; (64) 2 (1); p 1-5.
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1964 Cont'd:

"Literature Survey of Orthohydrogen z.d Parahydrogen Research®, Technical
Documentary Report No. APL-TDR-64-81, by University of Colorado, Dept. CHE
(Barrick, Brown) for Wright Patterson AFB, August 1964.

"Experimental Study of reaction kinetics for para-ortho-hydrogen at 20 to 80
K., Hutchinson, H. L.; Barrick, P. L.; Brown, L. F.; Adv. Cryo. Eng.; (64)
10A; 190-196.

"Radiation activation of para-crtho hydrogen catalysts quarterly progress '
report," Mar, - May 1964 (conversion rate of para-ortho hydrogen caused by
paramagnetic jon on catalyst surface). Leffler, A. J.

65N26055#, “Radiation activation of para-ortho hydrogen catalysts quarter!é
progress report, Jun.-Aug. 1964 (radiation activation of para-ortho hydrogen
catalysts)." Leffler, A. J.

65N26362#, "Radiation activation of para-ortho hydrogen catalysts technical
report, Nov. 22, 1963-Dec. 22, 1964 (Increased activity of para-ortho hydrogen
catalysts due to radiation)." Leffler, A.J.

Biskis, E. G., J. F. Kucirka, & G. E. Schmauch, "Investigation of the
Para-Ortho Shift of Hydrogen,” Tech. Doc. Rpt. No. APL-TDR-64-48, for A. F.
hero-Propulsion Lab., R.. & Tech. Div., Air Force Systemz Command,
Wright-Patterson Air Force Bzse, Ohio, March 1964. '

"Technology and Uses of Liquid Hydrogen", Stewart, R.; Roder, B.; Pergamon
Press 1964; p 379.

"APACHI Air Enrichment Study - Phase I Final Report,* by Air Products
(Carlson, Singleton, Stelts) for Holloman Af3, November 1964.

H. L. Hutchinson, M. S. Thesis, University of Colorado (1964), Appendix J.
Ashmead, D. R., Eley, D. D., and Rudham, R.; J. Catal. 3, 260 (1964).

Schmauch, G. E., and Singleton, A. H., "Technical Aspects of Ortho-Para
Hydrogen Conversion," Ind. Eng. Chem., 56, 30 (1964).

Wakao, N. and Smith, J. M.; "Diffusion and reaction in porous catalyst.* .Ind.
Eng. Chem. Fundam. 3, 123 (1964).

J. Marsh and H. E. Farnsworth, Surface Sci., 1, 3 (1964).
D. Brennan, Recent Proqress in Surface Science, Vol. 2, (J. F. Dan‘elli, K. G.

A. Pankhurst, and A. C. Riddiford, eds.), Academic Press, New York, 1964, p.
51.

D. Pugh, Phys. Rev. Lett., 12, 390 (1964).

J. Koutecky, Angew. Chem., 76, 365 (1964).
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H. P. Boehm, E. Diehl, W. Heck, and R. Sappok, Angew. Chem., 76, 742 (1964).

Schmauch, G. €. and Singleton, A. H.; *Technical Aspects of
ortho-Para-Hydrogen Conversion.” Ind. Eng. Chem., 56, 2031 (1964).

*Diffusion and Reaction in Porous Catalysts." Wakao, N.; Smith, J. M.; Ind.
Enqg. Chem. Fundam.; (64) 3; 123.

“Investigation of the para-ortho shift of hydrogen". Biskis, E. G.; Kuaranka,
J. F.; Schmauch, G. E.; Air Products and Chemicals, Inc., Pa. USA, (64)
AD603150; Avail. OTS; 123 ps; in Eng. From: US Gov't. Res. Rept. 39 (18),
15, (1964).

*Activation of hydrogen by poly(copper phthalocyanine)." Acres, G. J. K.;
Eley, D. D.; Univ. Nottingham, Erjland. Trans. Faraday Soc.; (64) 60 (498);
p. 1157-69; in Eng.

*Ortho hydrogen-para hydrogen conversion (Review 103 refs.)" Engels, S.;
Humboldt Univ., Berlin. Z. Chem.; (64) 4 (5); p 162-70; in Ger.

“Ortho-para transition in molecular hydrogen®. Raich, J. C., lowa State
Univ., Iowa, USA, Univ. Microfilms Order No. 64-3889; 69 ps; in Eng.

“The preferential adsorption and heterogeneous spin conversion of the ortho
hydrogen and para deuterium on alumina at 20.4°K." Eberhart, J. 6., Ohio
State Univ., Ohio, USA, Univ. Microfilms; Order No. 64-1253; in Eng.

S. Akhtar and H. A. Smith, “Separation and Analysis of Various Fcrms of
Hydrogen by Adsorption and Gas Chromatography,“ Chem. Rev. 64, 261-276
(1964). (A review with 101 references).

P. L. Barrick and L. F. Brown, "Literature Survey on o- and p-Hydrogen
Research, 1929 to Oct. 1663*, Rept. AD 605285, 68 pp. (1964). Available from
the Office of Technical Service, U.S. Dept. of Commerce.

P. L. Barrick, L. F. Brown, and H. L. Hutchinson, "Study of Reaction Kinetics
of para-ortho Conversion,* Rept. AD 606495, 273 pp. (1964). Available from
the Office of Technical Service, U.S. Dept. of Commerce.

J. L. Benson and W. H. Johnson, Jr., Phys. Rev., Letters 13 (24), 724-726
(1964).

R. G. Clark, J. F. Kucirka, A. Jambhekar, and G. E. Schmauch., NASA Doc.
N64-16608, 52 pp.

u.s. pat. 3,132,000 (7964), R. F. Dwyer and C. M. Birdsall, "Hydrous Ferric
Oxide Catalyst for ortho-para Hydrogen Conversion®.

E. G. Biskis, J. F. Kucirka, and G. E. Schmauch, "Report on Development of
Catalysts for para-ortho Reaction," Rept. AD 603150, 123 pp. (1964).
Available from the Office of Technical Services, U.S. Dept. of Commerce.

6. E. Schmauch and A. H. Singleton, “Review on ortho-para Hydrogen
Conversion,” Ind. Eng. Chem. 56 (5), 20-31 (1964).
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1965

Catalytic investiqations of alloys. XXV. Conversion of para hydrogen on
silver-palladium alloys. Rienacker, G.; Engels, S. . Humboldt Univ. Berlin, Z.
Anorg. Allgen. Chem.; (65) 33% (508); p 259-69; in Ger.

The investiqation on intermediate surface compounds occurring in elementary
stages of heterogeneous catalytic reactions. Kiperman, S. L., Acad. Sci.,
Moscow. Proc. Interm. Congr. Catalysis 3rd; (65) 1; p 503-13; in Eng.

The pentacyanocobaltate (II) complex catalyst by means of the para-ortho
hydrogen conversion and the hydrogen-deuterium exchange reaction. Mizuta, T.;
Takao, K.; University of Tokyo, Nippon Kagaku Zasshi; (65) 86 (10); p 1010-14;
in Jap.

The para hydrogen conversion over synthetic ruby. Selwood, P. W., Univ.
California, Santa Barbara, USA, J. Am. Chem. Soc.; (65) 87 (8): p 1804-5; in .
Eng.

Kinetics and mechanism of the para hydrogen conversion on nickel. Koker, H.;
Noller, H.; Univ. Munich, Germany; Ber. Runsenges. Physik. Chem.; (65) 69 (8);
p 703-10; in Ger.

Experimental study of reaction kinetics for paraorthohydrogen at 20 deq. to 89
deq. K. (Conversion of para hydrogen to ortho hydrogen at 20 to 80 degqrees K
and 20 to i000 psig, using standard ferric oxide qel catslyst). Barrick, P.
L.; Brown, L. F.; Hutchinson, H. L.; Advances in Cryogenic Engineering, Volume
10, Sections A-L; 1965, p 190-196.

Kinetics of the reaction H+ para-H2 = ortho-H2 + H. Schulz, W. R.; LeRoy, -D.
J.; Univ. Toronto, Canada; J. Chem. Phys.; (65) 42 (11); p 3869-73; in Eng.

Para-ortho conversion of hydrogen. Haley, Alfred J., Jr.; Hindin, Saul.G.;
tEngelhard Inds., Inc., East Newark; Sci. Tech. Aerospace Rept. 1965, 3(21),
N65-33458. NASA (Nat. Aeronaut. Space Admin.) Access.; (65) p 35 pp; No. AD:
468293; in Eng. .

Transport studies of defect structure inorgqanic compounds. Heikes, Robert R.;
Westinghouse Res. Labs., Pittsburgh; U.S. Gov’'t. Res. Develop. Rept. 1966,
41(14), 103; Technical Report. U.S. Gov't. Res. Dev. Rep.; (65) p 31 pp; No:
AD 464733; in Eng.

Ortho-para hydrogen conversion and hydrogen-deuterium exchange in the presence
of tetracyanopyrene-cesium complex. Kondo, T.; Inokuchi, H.; Wakayama, N.;
Univ. of Tokyo; J. Chem. Phys.; (65) 43 (10), p 3766~7; in Eng.

Experimental study of reacticn kinetic for para-ortho hydrogen at 20° and 80°K.

Hutchinson, H. L.; Barrick, P. L.; Brown, L. F.; Univ. of Colorado, Boulder.
Advan. Cryog. Eng.: (65) 10 (A-L): .» 190-8;: in Ena,
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Improved ferric oxide gel catalysts for ortho- parahydrogen conversion.
{Catalyst for ortho-para hydrogen conversion, investigating hydrous ferric
oxide). Barrick, P.L.; Brown, L. F.; Cruse, R. L.; Hutchinson, H. L.;
Advances in Cryogenic Engineering, Volume 10, Sections A-L, 1965, p 181-189.

Improved ferric oxide gel catalyst for ortho- para hydrogen conversion.
Barrick, P. L.; Brown, L. F.; Hutchinson, H. L.; Cruse, R. L.; Univ. of
Colorado, Boulder, Advan. Cryog. Eng.; (65) 10 (A-L); p 181-9; in Eng.

Briones, A. G.; Garcia de la Banda, J. F.; Inst. Quim. Fié. Quim., Madrid,
Anales Real. Soc. Espan. Fis. Quim.” (Madrid); Ser. B; (65) 61 (12); p 1179-85;
in Span. . . ‘ .

Radiation activation of para-ortho hydrogen catalysts. Leffler, A. J.; Authur
Little Inc., Mass., USA; Rept.No. AFAPL-TR-65-9 Avail. AEC (Accession no.
32775); in Eng.; (1965).

Desiqn of para-orthohydrogen catalytic reactors. Singleton, A. H.; Lapin, A.;
Air Products and Chemicals, Inc.; Advan. Cryo. Eng.; (65) 11; p 617-30; in Eng.

Effect of poison of a nickel catalyst on the rate of the para-ortho conversion
of hydrogen. Davydova, I. R.; Kiperman, S. L.; N. D. Zelinskii Inst. Org.
Chem., Moscow. Zh. Fiz. Khim.; (65) 39 (1); p 18-20; in Russ.

Effect of sorption of oxygen on a nickel catalyst and of catalyst sintering on
the kinetics of H para-ortho conversion and isotope exchange. Davydova, I.
R.; Kiperman, S. L.; Kinetika i Kataliz; (65) 6 (1); p 137-43; in Russ.

Evaluation of reverse reaction in treatment of kinetic data. Kiperman, S. L.;
Gadzhi-Kasumov, V. S.; N. D. Zelinskii Inst. Org. Chem., Moscow. Izv. Akad.
Nauk. SSSR; Ser. Khim.; (65) (6); p 1110-3.

Barrett, M. F., and Barry, T. I., J. Inorg. Nucl. Chem. 27, 1483 (1965).

Barrick, P. L.; Brown, L. F.; Hutchinson, H. L.; and Cruse, R. L.; Improved
ferric oxide gel catalyst for ortho-/para-hvdrogen conversion. Advan. Cryog.
Eng. 10 181 (1965).

Engelhard Report, "Investigation of the Para/Ortho Conversion of Hydrogen,"
Tech. Report AFAPL-TR-65-59, July 1965; and U.S. Patent #3,383,176, "Catalytic
Process for Ortho/Para Hydrogen Conversion," May 14, 1965.

4 "Investigation of the Para-Ortho Conversion of Hydrogen", Technical Report
AFAPL-TR-65-59, by Englehard (Haley, Hindin), for Wright Patterson AFB, July
1965.

S. HMrozowski, Carbon, 3, 305 (1905).

A. J. Leffler, J. Chem. Phys., 43, 4410 (1965).
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T. Tanabe, T. Moriya, and S. Sugano, Phys. Rev. Lett. 15, 1023 (1965).

Singleton, A. H. and Lapin, A.; Design of para-/ortho-hydrogen catalytic
converters. Advan. Cryog. Eng., 11 617 (1965).

Nature of the intermediate state of cyclohexane on nickel surface. Kiperman,
S. L.; Davydova, 1. R.; Gaidaj, N. A.; Metody Issled. Katal. Katal. Reakts.;
(65) p. 218-28; Vol. 1; in Russ.

Thermodynamic and related properties -of para-hydrogen from the triple point to
100K at pressures to 340 atmospheres. Roder, H. M.; NBS Monograph; 94; Aug.
1965.

Theoretical calculation of the ortho-para hydrogen transition rate on a
paramagnetic solid surface. Leffler, A.J.; Authur D. Little Inc., Mass., USA;
J. Chem. Phys.; (65) 43 (12); p 4410-15; in Eng.

Para-ortho conversion of hyrogen. Haley, Alfred J., Jr.; Hindin, Saul G.;
Engelhard Inds., Inc., East Newark, N. J., USA, NASA (Nat. Aeronaut. Space
Admin.) Access., AD 468293, 35 pp., Sci. Tech. Aerospace Rept. 1965, 3(21),
Nb65-33458.

Nature of the intermediate state of cyclohexane on nickel surface. Kiperman,

S. L.; Davydova, I. R.; Gaidai, N. A,; Metody Issled. Katal. Katal. Reakts.,
1, 218-28.

Chem. Week 96 (26), 75 (1965).
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Singleton, A. H., and A. Lapin, "Design of Para-Orthohydrogen Catalytic
Reactors," (J-5), Adv. in Cryo. Eng., Vol. II, 517-630, Plenum Press, 1966.

Effects of electronic structure of palladium-silver alloys and Group VI
elements on the narahydrogen conversion. Runk, Robert B.; State Univ. of New
York, Aibany. From: Diss. Abstr. B 1966, 27(5), 1445. Dissertation; (66) p
144 pp; in Eng.

Conversion and equilibration rates of hydrogen on nickel. Eley, D.; Norton,
P. R.; Univ. of Nottingham, England. Disc. Faraday Soc.; (66) 41; p 135-48;
in Eng.

Hydrcgen-deuterium equilibration and parahydrogen conversion over ruby,
chromia, and chromia on alumina. Selwood, P. W.; Univ. of Calif., Santa
Barbara. J. Am. Chem. Soc.; (66) 88 (12); p 2676-80; in Eng.

Effect of neutron irradiation on catalysts for the ortho-para hydrogen
reaction. Leffler, A. J.; Ostar, B.; Authur D. Little Inc., Mass., USA; J.
Catal.; (66) § (1); p 74-80; in Eng.

Analysis of catalytic ortho-para hydrogen reaction mechanisms. Hutchinson,
Harold L.; Univ. of Colorado, Boulder; From: Diss. Abstr. B 1966, 27(4),
1136. Dissertation, (66) p 218 pp; in Eng.

Catalytic investiqation of alloys. XXX. Parahydrogen conversion on
platinum-manganese alloys. Engels, Seigfried; Deut. Akad. Wiss. Berlin;
Monatsber. Dtsch. Akad. Wiss. Berlin; (66) p 443-9; Vol. 8; No. 6-7; in Ger.

Catalytic studies on alloys. XXVII. Parahydrogen conversion on
nickel-manqanese alloys. Engels, Siegfried. Deut. Akad. Wiss. Berlin; Z.
Anorg. Allg. Chem.; (66) p 201-10; Vol. 348; No. 3-4; in Ger.

Catalytic studies on alloys. XXVIII. Parahydrogen conversion or
palladium-manganese alloys. Engels, Siegfried. Deut. Akad. Wiss. Berlin; Z.
Anorg. Allg. Chem.; (66) » 211-18; Vol. 348; No. 3-4; in Ger.

Conversion of para hydrogen to ortho hydrogen using nickel/alumina catalyst.
Alcorn, W. R.; Sherwood, T. K.; Mass. Inst. Tech., Cambridge, USA. J. Catal.;
(60) 6 (2); p 288-307; in Eng.

Semiconductivity and catalytic activity. IV. Xinetics and mechanism of the )
conversion of para into ortho hydrogen catalyzed by Cro05. Briones, A.

G.; Garcia de ia Banda, J. F.; Anales. Real. Soc. Espan. Fis. Quim. (Madrid);
Ser. B.; (66) 62 {2); p 03-22; in Span.

P. W. Selwood,’J. Am. Chem. Soc., 88, 2676 {1966).

Hydrogen-deuterium equilibration and para hydrogen and ortho deuterium
conversion over palladium; kinetics and mechanisms. Schollen, J. F. F.;
Limburg, Geleen, Neth. J. Catal.; (66) 5 (1), p 1-17; in Eng.
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Glushkova, V. 8., and Boganov, A. G., Izv. Akad. Nauk. SSSR Ser. Khim. No. 7
Eng. transl. p 1101 (1966).

R. N. Smith, D. A. Young, and R. A. Smith, Trans. Faraday Soc., 62, 2280
(1966).

*Investigation of the Para-Ortho Shift of Hydrogen", Technical Report AFAPL-TR
66-111, by Air Products (Singleton, Kucirka, Lapin) for Wright Patterson AfFB,
September 1966.

AF 33(615)-1316, Air Products, May 64 - May 66, Secret Uncl/Conf., “Research
and Development Investigation of the P-0 Shift of"Hydrogen®.

W. R. Alcorn and T. K. Sherwood, J. Catal., 6, 288 (1966).
J. J. F. Scholter and J. A. Konvalinka, J. Catal., 5, 1 (1966).
H. P. Boehm, Angew. Chem., 78, 617 (1966).

J. J. Lander and J. Morrison, Surface Sci., 4, 241 (1966).
H. Harker, J. T. Gallagher, and A. Parker, Carbon, 4, 401 (1966).
Kinetics of para-ortho conversion of hydroge: over various metal catalysts.

Kiperman, S. L.; N. D, Zelinski Inst. Org. Chem., Moscow; Kinetika i Kataliz;
(66) 7 (4); p640-9; in Russ.

Low temgeraturé conversion of hydrogen on silver. Sandler, Y. L.; Durigon, D.
D.; Westinghouse Res. Lab., Pittsburgh, Pa., USA; Trans. Faraday Soc.; (66) 62
(517); p 215-21; in Eng.

CA66(24):108692d - Catalytic studies on alloys. XXVII. Parahydrogen
conversion on nickel-mariqanese alloys. Engels, Siegfried. Z. Anorg. Allg.
Chem., 348(3-4), 201-10 (1966).

CA66(24):108693e - Catalytic studies on alloys. XXVIII. Parahydrogen
conversion on palladium-manganese alloys. Engels, Siegfried. Z. Anorg. Allg.
Chem.,; 348(3-4), 211-18 (1966).

CA67(2):6371b ~ Transport studies of defect structure inorqanic compounds.
Heikes, Robert R.; U.S. Gov. Res. Dev. Rep., AD 464733, 31 pp. Avail. CFSTI,
$3 cy from U. S. Gov't. Res. Develop. Rept. 1966, 41(14), 103 70
(Crystallization and Crystal Structure).

CA66(10):41076k -~ Analysis of catalytic ortho-para hydrogen reaction
mechanisms. Hutchinson, Harold L. 218 pp. Avail. 66-3429, From: Diss.

CA66(16):69287d - Effects of electronic structure of palladium-silver alloys
and Group VI elements on the parahydrogen conversion. Runk, Robert B., 144
pp. Avail. 66-11,974. From: Diss. Abstr. B 1966, 27(5), 1445 (1966).
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Hydrogen conversion with organic vapor under illumination. Anthracene and
anthracene-trinitroqgenzene complex. Inokuchi, Hiroo; Tsuda, Motoyuki; Kondo,
Tamotsu. Univ. Tokyo, Tokyo. J. Catal.; (67) p 91-92; Vol. 8; Hu. 1; in Eng.

Catalytic_reactions of hvdrogen on titanium and silicon dioxides. Harris,
Jesse Ray, Alfred Univ., Alfred. From: Diss. Abstr. B 1967, 28(4), 1446.
Dissertation; (67) » 166, in Eng.

Hydrogen-deuterium equilibration and ortho-parahydrogen conversion on
moiecular sieves. Turkevich, John; Ciborowski, Stanislaw. Princeton Univ.,
Princeton. J. Phys. Chem.; (67) p 3208-17; Vol. 71; No. 10; in Eng.

Langmuir-Hinshelwood kinetics and the catalytic para-ortho hydrogen shift
reaction. Hutchinson, Harold L.; Barrick, Paul L.; Brown, Lee Francis.
Continental 0i1 Co., Ponca City. Chem. Eng. Prog., Symp. Ser.; (67) p 18~30;
Vol. 63; No. 72; in Eng. .

pParamagnetic catalysis of the ortho-para hydrogen conversion. Nielsen, Svend
E.; Dahler, John S.; Univ. of Minnesota, Minneapolis. J. Chem. Phys.; (67) p
732-44; Vol. 46; No. 2; in Eng.

Parahydrogen conversion on metals, oxides, and sulfides. Schoennagel, Hans J.
Max-Planck-Inst. Phys. Chem., Goettingen. Ber. Bunsenges. Phys. Chem.; (67)
p 1060-7; Vol. 71; No. 9-10; in Ger.

Oxidation state of Crp03_and its catalytic activity in the conversion
orthohydrogen parahydrogen. Valverde-Diez, Nilo. Rev. Real Acad. Circe.
Exactas. Fis. Natur. Madrid; (67) p 255-330G; Vol. 61; No. 2; in Span.

Catalytic studies on molecular sieves. Turkevich, John; Murakami, Yuichi;
Nozaki, Fumio; Ciborowski, Stanislaw. Princeton Univ., Princeton. Chem. &ng.
Prog., Symp. Ser.; (67) p 75-85; Vol. 63; No. 73; in Eng.

The parahydrogen conversion on palladium-silver alloy firms. Rossington,
David R.; Runk, Robert B. State Univ. of New York, Alfred. J. Catal.; (67)
p 365-77; Vol. 7; No. 4; in Eng.

G. M. Arnold, Carbon, 5, 33 (1967).

X. Antonowicz, Carbon, 1, 111 (1967).

Hutchinson, H. L., Barrick, P. L., and Brown, L. é., Chem. Eng. Prog. Symp.
Ser. No. 72 63, 18 (1967).

The Journal of Chemical Physics, Volume 46, Number 2, 15 January 1967.
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Activated adsorption of hydrogens on aromatic-alkali-metal charge-transfer
complexes. 1Inokuchi, Hiroo; Wakayama, Nobuyuki; Kondo, Tamotsu; Mori,
Yoshihoro. Univ. of Tokyo, Tokyo. J. Chem. Phys.; (67) p 837-42; Vol. 46;
No. 3; 1in Eng.

Nielsen, S. N., and Dahler, J. S., J. Chem. Phys. 46, 732 (1967).

Newton, £. L., "Hydrogen Production and Liquefaction," Chem. and Process Eng.,
51-58, Dec. 1967. .

Schieber, M., "Experimental Magnetochemistry," p. 302. North-Hol]and,'
Amsterdam, Wiley, New York, 1967.

Iron hydroxide-base catalyst for low-temperature conversion of ortho-hydrogen
to para-hydrogen. B8uyanov, R. A.; Krivoruchko, 0. P.; Institute of Catalysis,
Siberian Dept., Academy of Sciences,- USSR, USSR. Pat. No. 218130 Date:
11/03/67.

Cataiytic reactions of hydrogen on titanium and silicon dioxides (catalytic
reactions of hydrogen on titanium and silicon dioxides). Harris, J. R.:
Date: 1967, Coll: 166 P, Avail: Univ. Microfilms.

Singleton, A. H., Lapin, A., and Wenzel, L. A., Advances in Cryogenic
Enqgineering, Vol. 13, 409-27 (1967).

CA66(16):69221¢c - Activated adsorption of hydrogens on aromatic-alkali-metal
charge~transfer complexes. Inokuchi, Hiroo; Wakayama, Nobuyuki; Kondo,
Tamotsu; Mori, Yoshihiro. J. Chem. Phys. 46(3), 837-42 (1967).

CA67(10):48984j - Hydrogen conversion with organic vapor under illumination.
Anthracene and anthracene-trinitrobenzene complex. Inokuchi, Hiroo; Tsuda,
Motoyuki; Kondo, Tamotsu; J. Catal., 8(1), 91-2 (1967).

CA68(26):117231s - Quantum-mechanical study of H +H
Karplus, Martin; Tang, Kwong, Tin. Discuss. Faraday Soc., No. 44, 56-67
(1967).

CA66(10):41044y - Paramagnetic catalysis of the ortho-para hydrogen conversion.
Nielsen, Svend E.; Dahler, John S.; J. Chem. Phys. 46(2), 732-44 (1967).

CA66(24):108704j - The parahydrogen conversion on palladium-silver alloy films.
Rossington, David R.; Runk, Robert B. J. Catal., 7(4), 365-77 (1967)..

CA67(16):76583w - Catalytic studies on molecular sieves. Turkevich, John;
Murakami, Yuichi; Nozaki, Fumio; Ciborowski, Stanislaw. Chem. Eng. Prog.,
Symp. Ser., 63(7>), 75-85, (1967).

CA68(20):90226 - Zeolites as catalysts I. Turkevich, John, Catal. Rev.,
1(1), 1-35, (1967).
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CA67(22):103027b - Hydrogen-deuterium equilibration and ortho-parahydrogen
conversion on molecular sieves. Turkevich, John; Ciborowski, Stanislaw. J.

Phys. Chem., 71(10), 3208-17, (1967).

CA67(24):111751y - Ortho-para conversion of hydrogen and deuterium diluted in
solid HD. Urano, K.; Motizuki, Kazuko. Solid State Commun., 5(9), 691-3
(1967).

CA68(10):43593s - Parahydrogen conversion on metals, oxides and sulfides:
Schoennagel, Hans. J. Ber. Bunsenges. Phys. Chem., 71(9-10), 1060-7 (}967).

CA69(2):5519k - Oxidation state of Cr203 and its catalytic activity in the
conversion _orthohydrogen < - > parahydrogen. Valverde Diez, Nilo. Rev. Real
Acad. Cienc. Exactas, Fis. Natur. Madrid, 61(2), 255-330 (1967).
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Activity and magnetic properties of transition metal hydroxides catalyzing the

low-temperature conversion of ortho hydrogen to parahydrogen. Buyanov, R. A.;

Krivoruchko, 0. P.; Golovin, A. V.; Inst. Katal., Novosibirsk. Kinet. Katal.;
(68) p 804-9; Vol. 9; M>. 4; in Russ.

J. H. de Boer, The Dynamic. Character of Adsorption, Oxford Univ. Press,
London, 1968.

Cotton, F. A. and Wilkinson, G., Advanced Inorganic Chemistry, J. Wiley and
Sons, Interscience, 2nd Ed (1968). ’

Gelovin, A. V., and Buyanov, R. A., Kinet. Catal. (USSR} 9, 464, (1968).
M. Misono and P. W. Selwood, J. Am. Chem. Soc. 91, 1300 (1?68).
S. Chno and I. Yasumori, Bull. Chem. Soc. Jap., 41, 2227 (1968).

R. Sappok and H. P. Boehm, Carbon, 6, 573 (1968).

Y. Shigehara and A. Ozaki, J. Catal., 10, 183 (1968).

Journal of the American Chemical Society, 90:11, May 22, 1968.

Extrinsic field acceleration of the magnetic para hydrogen conversion.
Kisono, Makoto; Selwood, P. W.; Univ. of California, Santa Barbara. J. Amer.
Chem. Soc.; (68) p 2977-8; Vol. 90; No. 11; in Eng.

Application of theoretical diffusion models in the presence of a catalytic
reaction. Sterret, J. S.; Brown, L. F. Univ. of Colorado, Boulder.
A.1.Ch.E. (Amer. Inst. Chem. Eng.)J.; (68) p 696-702; Vol. 14; No. 5; in Eng.

Semiconductivity and catalytic activity. VI. Relations between conductivity
and activity in the catalysis of the conversion of para- into orthohydrogen by
chromium oxide. Valverde Diez, N.; Gamero Briones, Antonio; Garcia de .la
Banda, Juan F.; Inst. Quim. Fis. "Rocasolano® Madrid. An. Quim.; (68) p
245-53; Vol. 64; No. 3; in Span.

Semiconductivity and cacalytic activity. V. Catalysis of the conversion of
para- into orthohydrogen by chromium oxide at low temperatures. Valverde
Diez, N.; Gamero Briones, Antonio; Garcia de la Banda, Juan F. Inst. Quim.
Fis. "Rocasolano® Madrid. An. Quim.; (68) p 233-44; Vol. 64; No. 3; in Span.

A rate model for the low temperature cataiytic ortho-parahydrogen reaction
{low_temperature ortho parahydrogen reaction rate). Singleton, A. H.
Date: 1968, Coll: 146 P, Avail: Univ. Microfilms. Order No. 69-7360.

Mechanism of Jow-temperature conversion of ortho-hydrogen to para-hydrogen on
a catalyst surface. Golovin, A. V.; Buyanov, R. A. Inst. Katal.; Novosibirsk.
Kinet. Katal.; (68) p 464; Vol. 9; No. 2; in Russ.
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Rate model for ortho-parahydroden reaction on a highly active catalyst.
Singleton, A. H.; Lapin, A.; Wenzel, L.A. Air Products and Chemicals, Inc.,
Allentown, Advan. Cryog. Eng.; (68) p 409-27; Vol. 13; in Eng.

Preparation of a catalyst for the low-temperature conversion of ortho-hydrogen
into para-hydrogen. Buyanov, R. A.; Krivoruchko, 0.P.; Institute of ’
Catalysis, Academy of Sciences, USSR, USSR. Pat. No. 253773, Date: 15/07/68.

Comparison of surface states of quartz, cristobalite, and silicic acid.
Harris, J. R.; Rossington, D. R.; Coll. of Ceram., State Univ. of New York,
Alfred. J. Amer. Ceram. Soc.; (68) p 511-18; Vol. 51; No. 9; in Eng.

Catalytic behavior of organic semiconductors. Relation between reactivity and
valency of aromatic anion in aromatic-alkali metal complexes. Wakayama,
Nobuyuki; Mori, Yoshihior; Inokuchi, Hiroo. Univ. Tokyo, Tokyo. J. Catal.;
(68) p 15-18; Vol. 12; 1in Eng.

Activity of glass and the method for its deactivation in para-ortho-conversion
reactions and the isotopic exchange of hydrogen. Peretyaka, A. R.;
Danchevskaya, M. N.; USSR; Vestn. Mosk. Univ., Khim.; (68) p 94-6; Vol. 23;
No. 3; in Russ. .

Singleton, A. H., Lapin, A. and Wenzel, L. A. Rate model for
ortho-/para-hydrogen reaction on a highly active catalyst. Advan Cryog Eng,
13 409 (1968).

Singleton, A. H., A. Lapin, and L. A. Wenzel, "Rate Model for
Ortho-Parahydrogen Reaction of a Highly Active Catalyst," Adv. in Cryo. Eng.,
Vol. 13 (F-7), Plenum Press, 409-427, 1968.

Journal of the American Chemical Society, 90:11, May 22, 1968.

Iron oxide and hydroxide as catalysts for lcw-temperature conversion of
ortho-hydrogen to para-hydrogen. Buyanov, R. A.; Krivoruchko, 0. P.; Kefeli,
L. M.; Ostan'kovich, A. Inst. Katal., Novosibirsk. Kinet. Katal.; (68) p
379-85; Vol. 9; No. 2; in Russ.

Catalysis on single crystals. V. Parahydrogen conversion on nickel and
copper single crystals. Voelter, J.; Jungnickel, H..; Rienaecker, G.
Deut. Akad. Wiss. Berlin, Berlin.

Z. Anorg. Allg. Chem.; (68) p 300-6; Vol. 360; No. 5-6; in Ger.

Iron oxide and hydroxide as catalysts for low-temperature conversion of
ortho-hydrogen to para~hydrogen. Buyanov, R. A.; Krivoruchko, 0. P.; Kefeld,
L. M.; Ostan'kovich, A. A. Kinet. Katal. 9(2), 379-85, (1968).

ACtivity and magnetic properiies of transition metal hydroxides catalyzing the
low-temperature conversion of ortho hydrogen to parahvdrogen.

Buyanov, R. A.; Krivoruchko, 0. P.; Golovin, A, V.

Kinet. Katal., 9(4), 804-9 (1968).
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Catalysis by palladium-qold and related allovs.
Eley, Daniel D.
J. Res. Inst. Catal., Hokkaido Univ., 16(1), 101-14, (1968).-

Hydrogen conversion and restorage work cycle.
Goldstein, Allen E.; Rouse, Robert W.; Schroeter, Thomas T.
Marquardt Corp., U.S. US 3389555, 25 June 1968, 6 pp.

Mechanism of low-temperature conversion of ortho-hydrogen to para-hydrogen on
a catalyst surface.

Golovin, A. V.; Buyanov, R. A.

Kinet. Katal., 9(2), 464, (1968).

Catalytic Activity of a Nickel-thoria Material.
Goue, Bernard; Charbonnier, Jean C.
C. R. Acad. Sci., Paris, Ser. C, 267(18), 1097-8 (1968).

" Catalytic activity of a nickel-beryllium alloy. )
Goue, Bernard; Guitard, Louis; Edon, Claude
C. R. Acad. Sci., Paris, Ser. C 266(19), 1413-15 (1968).

Study of verdazyl radicals_in benzene solution by the para-hydrogen method.
Hartmann, Hermann; Brauer, Hans D.; Schaefer, Hugo
Z. Phys. Chem. (Frankfurt am Main) 62(1-4), 103-11 (1968).

Comparison of surface states of quartz, cristobalite, and silicic acid.
Harris, J. R.; Rossington, D. R.
J. Amer, Ceram Soc., 51(9), 511-18, (1968).

Extrinsic field acceleraticn of the magnetic para hydrogen conversion.
Misono, Makoto; Selwood, P. W.

J. Amer. Chem. Soc., 90(11) 2977-8 (1968).

Conversion and exchange rea- :ions of hydrogen over zinc oxide.
Otsuka, Kiyoshi; Keii, 3~ ‘naga
Nippon Kagaku Zasshi, 89\1(}, 1032-6 (1968).

Kinetic studies of the catalytic ortho-para hydrogen conversion_and
hydrogen-deuterium equilibration on .qamma.-alumina.

Ohno, Seigo; Yasumori, Iwao

Bull. Chem. Soc. Jap., 41(10), 2227-33 (1968).

Activity of qlass and the method for its deactivation in para-,
ortho-conversion reactions and the isotopic exchange of hydrogen.
Peretyaka, A. R.; Danchevskaya, M. N.

Vestn. Mosk. Univ., Khim., 23(3), 94-6 (1968).

Para-ortho transitions in solid hydrogen.
Schott, W.; Rietschel, H.; Glaeser, W.
Phys. Lett., A, 27(8), 566-7.
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Hydrogen adsorption and parahydrogen ccnversion over chromia supported on
.alpha.-alumina.

Selwood, Pierce W.
J. Catal., 12(3), 263-71 (1968).

Application of theoretical diffusion models in the presence of a catalytic
reaction.

Sterrett, J. S.; Brown, L. F.
A.1.Ch.E. (Amer. Inst. Chem. Eng.)J., 14(5), 6596-702 (1968).

Production of para-hydrogen.

Vander Arend, Peter C.

Air Products and Chemicals, Inc.
U.S. US 3375076, 26 Mar 1968, 4 pp.

Semiconductivity and catalytic activity. V. Catalysis of .n .cersion of
para-_into orthohydrogen by chromium oxide at low temperatures.

Valverde Diez, N.; Gamero Briones, Antonio; Garcia de la Banda, Juan F.

An. Quim., 64(3), 233-44 (1968).

Semiconductivity and catalytic activity. VI. Relations between conductivity
and activity in the catalysis of the conversion of para- into orthohvdrogen by
chromium oxide.

Valverde Diez, N.; Gamero Briones, Antonio; Garcia de la Banda, Juan F.

An. Quim., 64(3), 245-53, (1968).

Catalysis on single crystals. V. Parahydrogen conversion on nickel and
copper single crystals. :

Voelter, J.; Jungnickel, H.; Rienaecker, G.

Z. Anorg. Allg. Chem., 360(5-6), 300-6 (1968).

Catalytic behavior of organic semiconductors. Relation between reactivity and
valency of aromatic anion in aromatic-alkali metal complexes.

Wakayama, Nobuyuki; Mori, Yoshihiro; Inokuchi, Hiroo.

J. Catal., 12, 15-18 (1968).

Rate model for the low temperature catalytic orthoparahydrogen reaction.
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